The garden cross orb-spider, Araneus diadematus, shows behavioural responses to leg loss and regeneration that are reflected in the geometry of the web's capture spiral. We created a virtual spider robot that mimicked the web construction behaviour of thus handicapped real spiders. We used this approach to test the correctness and consistency of hypotheses about orb web construction. The behaviour of our virtual robot was implemented in a rule-based system supervising behaviour patterns that communicated with the robot's sensors and motors. By building the typical web of a nonhandicapped spider our first model failed and led to new observations on real spiders. We realized that in addition to leg position, leg posture could also be of importance. The implementation of this new hypothesis greatly improved the results of our simulation of a handicapped spider. Now simulated webs, like the real webs of handicapped spiders, had significantly more gaps in successive spiral turns compared with webs of nonhandicapped spiders. Moreover, webs built by the improved virtual spiders intercepted prey as well as the digitized real webs. However, the main factors that affected web interception frequency were prey size, size of capture area and individual variance; having a regenerated leg, surprisingly, was relatively unimportant for this trait.
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Spiders are predators that have developed a great variety of different ways to capture prey. All spiders produce silk, and several species use this ability to construct webs as catching devices. Among the various kinds of webbuilding spiders, orb weavers have specialized to build webs that catch airborne prey (Craig 1986). Their silken traps consist of a two-dimensional spoke construction which is surrounded by a frame and topped with a sticky spiral.
The geometrical and physical characteristics of these webs reflect an adaptation to several environmental factors, for example wind, temperature, humidity (Vollrath et al. 1997 ) and potential prey items (Schneider & Vollrath 1998) . Web design determines foraging success (e.g. ap Rhisiart & Vollrath 1994) and web-building behaviour is adapted to the spider's niche (Shear 1986). As a behaviour pattern it is precise, robust and adjustable to external perturbations (Vollrath 1992). It is also robust towards internal perturbations such as drugs (Witt et al. 1968) , leg loss (Jacobi-Kleemann 1953) and leg regeneration (Vollrath 1987) . Indeed, around 10% of all orb web spiders lose one of more legs during their life (Vollrath 1990) with serious consequences for their fitness (Weissmann & Vollrath 1998) . Not surprisingly, orb spiders have evolved strategies to compensate for this handicap. Some genera, such as Araneus, regenerate legs and fully incorporate the regenerated limbs into the web-building movement pattern (Vollrath 1987) . These legs are at first only about half the length of a normalsized leg (Vollrath 1995) and we can imagine that the spider might have to use specific strategies to incorporate them fully into their action.
Orb web spiders rely mainly on haptic, kinaesthetic and vibratory sensory information (Barth 1982) . In web construction, the leg sensors are used to determine distances and angles and are probably involved in path integration (Peters 1937; M. Krieger, S. Allan, T. Noorgard & F. Vollrath, unpublished data). For Araneus diadematus, the forelegs are probably the most important measuring devices, especially during the construction of the capture spiral (Reed et al. 1965) . One might think that regenerated forelegs, with their reduced length, would require adaptations in the spider's web-building algorithm.
To study the details of this algorithm in the garden cross spider, A. diadematus, we created the virtual spider robot Theseus. The investigation presented here aimed to validate this model spider by testing whether the Theseus's rules were also able to mimic the web-building behaviour of spiders with regenerated forelegs. For the
